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MEDLINE on STN 
2004270625 MEDLINE 
PubMed ID: 15010457 

Manipulation of alternative splicing by a newly developed 
inhibitor of Clks . 

Muraki Michiko; Ohkawara Bisei; Hosoya Takamitsu; Onogi 
Hiroshi; Koizumi Jun; Koizumi Tomonobu; Sumi Kengo; Yomoda 
Jun-ichiro; Murray Michael V; Kimura Hiroshi; Furuichi 
Kiyoshi; Shibuya Hiroshi; Krainer Adrian R; Suzuki Masaaki; 
Hagiwara Masatoshi 

Laboratory of Gene Expression, School of Biomedical 
Science, Department of Functional Genomics, Medical 
Research Institute, Tokyo Medical & Dental University, 
Japan. 

Journal of biological chemistry, (2004 Jun 4) 279 (23) 
24246-54. Electronic Publication: 2004-03-08. 
Journal code: 2985121R. ISSN: 0021-9258. 
United States 

Journal; Article; (JOURNAL ARTICLE) 
English 

Priority Journals 
200407 

Entered STN: 20040602 
Last Updated on STN: 20040709 
Entered Medline: 20040708 
The regulation of splice site usage provides a versatile mechanism for 
controlling gene expression and for the generation of proteome 
diversity, playing an essential role in many biological processes. The 
importance of alternative splicing is further illustrated by the 
increasing number of human diseases that have been attributed to 
mis-splicing events. Appropriate spatial and temporal generation of 
splicing variants, demands that alternative splicing be subjected to 
extensive regulation, similar to transcriptional control. The Clk 
(Cdc2-like kinase) family has been implicated in splicing 
control and consists of at least four members. Through extensive 
screening of a chemical library, we found that a benzothiazole compound, 
TG003, had a potent inhibitory effect on the activity of Clkl/Sty. TG003 
inhibited SF2 /ASF -dependent splicing of beta-globin pre-mRNA in "vitro by 
suppression of Clk-mediated phosphorylation. This drug also suppressed 
serine/arginine-rich protein phosphorylation, 

dissociation of nuclear speckles, and Clkl/Sty-dependent alternative 
splicing in mammalian cells. Consistently, administration of TG003 
rescued the embryonic defects induced by excessive Clk activity in' 
Xenopus. Thus, TG003, a novel inhibitor of Clk family will be a valuable 
tool to dissect the regulatory mechanisms involving serine/ 
arginine-rich protein phosphorylation signaling pathways 
in vivo, and may be applicable for the therapeutic manipulation of 
abnormal spl icing . 



SOURCE : 



PUB. COUNTRY: 
DOCUMENT TYPE: 
LANGUAGE: 
FILE SEGMENT: 
ENTRY MONTH: 
ENTRY DATE: 



AB 



L8 ANSWER 2 OF 78 
ACCESSION NUMBER: 
DOCUMENT NUMBER: 
TITLE: 



AUTHOR : 

CORPORATE SOURCE: 
SOURCE : 



MEDLINE on STN 
2004 041731 MEDLINE 
PubMed ID: 14602710 

Glycogen synthase kinase-3 plays a crucial role 

in tau exon 10 splicing and intranuclear distribution of 

SC35. Implications for Alzheimer's disease. 

Hernandez Felix; Perez Mar; Lucas Jose J; Mata Ana M; Bhat 

Ratan; Avila Jesus 

Centro de Biologia Molecular Severo Ochoa Consejo Superior 
de Investigaciones Cientif icas/CSIC/Universidad Autonoma, 
Fac. Ciencias. Universidad Autonoma de Madrid, Cantoblanco, 
28049 Madrid, Spain. 

Journal of biological chemistry, (2004 Jan 30) 279 (5) 
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AB Tauopathies , 



3801-6. Electronic Publication: 2003-11-05. 
Journal code: 2985121R. ISSN: 0021-9258. 
United States 

Journal; Article; (JOURNAL ARTICLE) 
English 

Priority Journals 
200403 

Entered STN : 20040127 
Last Updated on STN: 2004 0312 
Entered Medline: 2004 0311 
including Alzheimer's disease, are neurodegenerative 
disorders in which tau protein accumulates as a consequence of alterations 
in its metabolism. At least three different types of alterations have 
been described; in some cases, an aberrant' mRNA splicing of tau exon 10 
occurs; in other cases, the disorder is a consequence of missense 
mutations and, in most cases, aberrant tau hyperphosphorylation takes 
place. Glycogen synthase kinase-3 (GSK-3) has emerged as a key 
kinase that is able to interact with several proteins involved in 
the etiology of Alzheimer's disease and other tauopathies. Here, we have 
evaluated whether GSK-3 is also able to modulate tau-mRNA splicing. Our 
data demonstrate that GSK-3 inhibition in cultured neurons affects tau 
splicing resulting in an increase in tau mRNA containing exon 10. 
Pre-mRNA splicing is catalyzed by a multimolecular complex including 
members of the serine/arginine-rich (SR) 

family of splicing factors. Immunofluorescence studies showed that after 
GSK-3 inhibition, SC35, a member of the SR family, is redistributed and 
enriched in nuclear speckles and colocalizes with the kinase. 
Furthermore, immunoprecipitated SC35 is phosphorylated by 
recombinant GSK-3beta. Phosphorylation of a peptide from the SR 
domain by GSK-3 revealed that the peptide needs to be prephosphorylated, 
suggesting the involvement of a priming kinase- Our results 
demonstrate that GSK-3 plays a crucial role in tau exon 10 splicing, 
raising the possibility that GSK3 could contribute to tauopathies via 
aberrant tau splicing. 
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MEDLINE on STN 
2003148292 MEDLINE 
PubMed ID: 12615334 

An early ancestor in the evolution of splicing: a 
Trypanosoma cruzi serine-arginine- 
rich protein (TcSR) is functional in cis-splicing . 
Portal Daniel; Espinosa Joaquin M; Lobo Guillermo S; 
Kadener Sebastian; Pereira Claudio A; De La Mata Manuel; 
Tang Zhaohua; Lin Ren-Jang; Kornblihtt Alberto R; Baralle 
Francisco E; Flawia Mirtha M; Torres Hector N 
Facultad de Ciencias Exactas y Naturales, Instituto de 
Investigaciones en Ingenieria Genetica y Biologia 
Molecular, Consejo Nacional de Investigaciones Cientificas 
y Tecnicas, Universidad de Buenos Aires, Buenos Aires, 
Argentina . 

Molecular and biochemical parasitology, (2003 Mar) 127 (1) 
37-46. 

Journal code: 8006324. ISSN: 0166-6851. 
Netherlands 

Journal; Article; (JOURNAL ARTICLE) 
English 

Priority Journals 
200307 

Entered STN: 20030401 
Last Updated on STN: 20030713 
Entered Medline: 20030711 
AB A novel serine-arginine-rich protein 

designated TcSR was identified in Trypanosoma cruzi. The deduced amino 
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acid sequence reveals that TcSR is a member of the SR protein family of 
splicing factors that contains two RNA-binding domains at the N-terminal 
side and several serine-arginine repeats at the 
COOH- terminus . Over expression of either TcSR or the 
human SR-protein associated splicing factor/splicing factor 2 
(ASF/SF2) in wild- type Schizosaccharomyces pombe, provoked an elongated 
phenotype similar to that of fission yeast over expressing the 
SR-containing splicing factor Prp2, a U2AF(65) orthologue. When a double 
mutant strain lacking two SR protein-specific protein kinases 
was used, expression of TcSR or human SR ASF/SF2 

splicing factor reverted the mutant to a wild-type phenotype. Transient 

expression of TcSR in HeLa cells stimulated the inclusion of the 

EDI exon of human fibronectin in an in vivo functional 

alternative cis-splicing assay. Inclusion was dependent on a splicing 

enhancer sequence present in the EDI exon. In addition, TcSR and peptides 

carrying TcSR-RS domain sequences were phosphorylated by a h uma n 

SR protein kinase- These results indicate that TcSR is a member 

of the SR splicing network and that some components common to the trans - 

and cis-splicing machineries evolved from the early origins of the 

eukaryotic lineage. 
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TITLE: The kicl kinase of schizosaccharomyces pombe is a 

CLK/STY orthologue that regulates cell -cell separation. 

AUTHOR: Tang Zhaohua; Mandel Linda L; Yean Shyue-Lee; Lin Cindy X; 

Chen Tina; Yanagida Mitsuhiro; Lin Ren- Jang 

CORPORATE SOURCE: Division of Molecular Biology, Beckman Research Institute 

of the City of Hope, Duarte, CA 91010, USA. 

CONTRACT NUMBER: 1 S10 RR01462-01 (NCRR) 

SOURCE: Experimental cell research, (2003 Feb 1) 283 (1) 101-15. 

Journal code: 0373226. ISSN: 0014-4827. 
PUB. COUNTRY: United States 

DOCUMENT TYPE: Journal; Article; (JOURNAL ARTICLE) 

LANGUAGE: English 

FILE SEGMENT: Priority Journals 

ENTRY MONTH: 200303 

ENTRY DATE: Entered STN: 20030205 

Last Updated on STN: 20030313 
Entered Medline: 2 0030312 

AB The CLK/STY kinases are a family of dual -specif icity protein 
kinases implicated in the regulation of cellular growth and 
differentiation. Some of the kinases in the family are shown to 
phosphorylate serine-arginine-rich splicing 

factors and to regulate pre-mRNA splicing. However, the actual cellular 
mechanism that regulates cell growth, differentiation, and development by 
CLK/STY remains unclear. Here we show that a functionally conserved 
CLK/STY kinase exists in Schizosaccharomyces pombe, and this 
orthologue, called Kicl, regulates the cell surface and septum formation 
as well as a late step in cytokinesis. The Kicl protein is modified in 
vivo, likely by phosphorylation, suggesting that it can be involved in a 
control cascade. In addition, kicl{+) together with dskl(+), which 
encodes a related SR-specific protein kinase, constitutes a 
critical in vivo function for cell growth. The results provide the first 
in vivo evidence for the functional conservation of the CLK/STY family 
through evolution from fission yeast to mammals. Furthermore, since cell 
division and cell -cell interaction are fundamental for the differentiation 
and development of an organism, the novel cellular role of kicl(+) 
revealed from this study offers a clue to the understanding of its 
counterparts in higher eukaryotes. 
Copyright 2003 Elsevier Science (USA) 
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MEDLINE on STN 
2003055504 MEDLINE 
PubMed ID: 12565863 

Effect of cisplatin treatment on speckled distribution of a 
serine/arginine-rich nuclear 
protein CROP/Luc7A. 

Umehara Hiroshi; Nishii Yoichi; Morishima Masaki; Kakehi 
Yoshiyuki; Kioka Noriyuki; Amachi Teruo; Koizumi Jun; 
Hagiwara Masatoshi; Ueda Kazumitsu 

Laboratory of Cellular Biochemistry, Division of Applied 
Life Sciences, Kyoto University Graduate School of 
Agriculture, Kyoto 606-8502, Japan. 

Biochemical and biophysical research communications, (2003 
Feb 7) 301 (2) 324-9. 

Journal code: 0372516. ISSN : 0006-291X. 
United States 

Journal; Article; (JOURNAL ARTICLE) 
English 

Priority Journals 
200304 

Entered STN: 20030205 
Last Updated on STN: 2 0030417 
Entered Medline: 20030415 
The C-half of cisplatin resistance-associated overexpressed protein 
(CROP) , an SR-related protein, comprises domains rich in arginine and 
glutamate residues (RE domain) , and is rich in arginine and serine 
residues (RS domain) . We analyzed the role of the individual domains of 
CROP in cellular localization, subnuclear localization, and 
protein-protein interaction. CROP fused with green fluorescent protein, 
GFP-CROP, localized exclusively to the nucleus and showed a speckled 
intranuclear distribution. The yeast two-hybrid system revealed that CROP 
interacted with SF2/ASF, an SR protein involved in RNA splicing, as well 
as CROP itself. The RE and RS domains were necessary for both the 
intranuclear speckled distribution and the protein-protein interaction. 
CROP was phosphorylated by mSRPKl, mSRPK2, and Clkl in vitro, and when 
cells were treated with cisplatin the subnuclear distribution of GFP-CROP 
was changed. These results suggest that cisplatin affects RNA splicing by 
changing the subnuclear distribution of SR proteins including CROP. 
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TITLE: Exonic splicing enhancer -dependent selection of the bovine 

papillomavirus type 1 nucleotide 3225 3 1 splice site can be 
rescued in a cell lacking splicing factor ASF/SF2 through 
activation of the phosphatidylinositol 3 -kinase 
/Akt pathway. 

Liu Xuefeng; Mayeda Akila; Tao Mingfang; Zheng Zhi-Ming 
HIV and AIDS Malignancy Branch, Center for Cancer Research, 
National Cancer Institute, National Institutes of Health, 
Bethesda, Maryland 2 0892, USA. 

Journal of virology, (2003 Feb) 77 (3) 2105-15. 
Journal code: 0113724. ISSN : 0022-538X. 
United States 

Journal; Article; (JOURNAL ARTICLE) 
English 

Priority Journals 
200302 

Entered STN: 20030115 
Last Updated on STN: 20030212 
Entered Medline: 20030211 
Bovine papillomavirus type 1 (BPV-1) late pre-mRNAs are spliced in 
keratinocytes in a differentiation-specific manner: the late leader 5' 
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AB 



splice site alternatively splices to a proximal 3' splice site (at 
nucleotide 3225) to express L2 or to a distal 3' splice site (at 
nucleotide 3605) to express LI. Two exonic splicing enhancers, 
each containing two ASF/SF2 (alternative splicing factor/splicing factor 
2) binding sites, are located between the two 3' splice sites and have 
been identified as regulating alternative 3' splice site usage. The 
present report demonstrates for the first time that ASF/SF2 is required 
under physiological conditions for the expression of BPV-1 late 
RNAs and for selection of the proximal 3 1 splice site for BPV-1 RNA 
' splicing in DT40-ASF cells, a genetically engineered chicken B-cell line 
that expresses only human ASF/SF2 controlled by a 

tetracycline-repressible promoter. Depletion of ASF/SF2 from the cells by 
tetracycline greatly decreased viral RNA expression and RNA 
splicing at the proximal 3» splice site while increasing use of the distal 
3' splice site in the remaining viral RNAs. Activation of cells lacking 
ASF/SF2 through anti-immunoglobul in M-B-cell receptor cross-linking 
rescued viral RNA expression and splicing at the proximal 3* 
splice site and enhanced Akt phosphorylation and expression of 
the phosphorylated serine/arginine-rich (SR) 

proteins SRp30s (especially SC35) and SRp40. Treatment with wortmannin, a 
specific phosphatidyl inositol 3-kinase/Akt kinase 

inhibitor, completely blocked the activation- induced activities. ASF/SF2 
thus plays an important role in viral RNA expression and 

splicing at the proximal 3 1 splice site, but activation-rescued viral RNA 
expression and splicing in ASF/SF2 -depleted cells is mediated 
through the phosphatidyl inositol 3-kinase/Akt pathway and is 
associated with the enhanced expression of other SR proteins. 
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ACCESSION NUMBER: 2002705381 MEDLINE 
DOCUMENT NUMBER: PubMed ID: 12466556 

TITLE: PSKH1, a novel splice factor compartment -associated serine 

kinase. 

AUTHOR: Brede Gaute; Solheim Jorun; Prydz Hans 

CORPORATE SOURCE: Biotechnology Centre of Oslo, University of Oslo, 

Gaustadalleen 21, N-0349 Oslo, Norway. 
SOURCE: Nucleic acids research, (2002 Dec 1) 30 (23) 5301-9. 

Journal code: 0411011. ISSN: 1362-4962. 
PUB. COUNTRY: England: United Kingdom 

DOCUMENT TYPE: Journal; Article; (JOURNAL ARTICLE) 

LANGUAGE: English 
FILE SEGMENT: Priority Journals 

ENTRY MONTH: 200212 

ENTRY DATE: Entered STN: 20021217 

Last Updated on STN: 20021227 

Entered Medline: 20021223 
AB Small nuclear ribonucleoprotein particles (snRNPs) and non-snRNP splicing 
factors containing a serine/arginine-rich 

domain (SR proteins) concentrate in splicing factor compartments (SFCs) 

within the nucleus of interphase cells. Nuclear SFCs are considered 

mainly as storage sites for splicing factors, supplying splicing factors 

to active genes. The mechanisms controlling the interaction of the 

various spliceosome constituents, and the dynamic nature of the SFCs, are 

still poorly understood. We show here that endogenous PSKH1, a previously 

cloned kinase/ is located in SFCs. Migration of 

PSKH1 -FLAG into SFCs is enhanced during co-expression of 

T7-tagged ASF/SF2 as well as other members of the SR protein family, but 

not by two other non-SR nuclear proteins serving as controls. Similar to 

the SR protein kinase family, overexpression of PSKH1 led to 

reorganization of co-expressed T7-SC35 and T7-ASF/SF2 into a 

more diffuse nuclear pattern. This redistribution was not dependent on 

PSKH1 kinase activity. Different from the SR protein 

kinases, the SFC-associating features of PSKH1 were located within 



its catalytic kinase domain and within its C-terminus. Although 
no direct interaction was observed between PSKH1 and any of the SR 
proteins tested in pull -down or yeast two-hybrid assays, forced 
expression of PSKH1 -FLAG was shown to stimulate distal splicing of 
an E1A minigene in HeLa cells. Moreover, a GST-ASF/SF2 fusion was not 
phosphorylated by PSKH1, suggesting an indirect mechanism of action on SR 
proteins. Our data suggest a mutual relationship between PSKH1 and SR 
proteins, as they are able to target PSKH1 into SFCs, while forced PSKH1 
expression modulates nuclear dynamics and the function of co- 
expressed splicing factors. 
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TITLE: SKY1 is involved in cisplat in- induced cell kill in 

Saccharomyces cerevisiae, and inactivation of its 
human homologue, SRPK1, induces cisplat in 
resistance in a human ovarian carcinoma cell 
line. 

Schenk P W; Boersma A W; Brandsma J A; den Dulk H; Burger 
H; Stoter G; Brouwer J; Nooter K 

Department of Medical Oncology, University Hospital 
Rotterdam-Daniel den Hoed Cancer Center, Josephine Nefkens 
Institute, 3000 DR Rotterdam, the Netherlands. 
Cancer research, (2001 Oct 1) 61 (19) 6982-6. 
Journal code: 2984705R. ISSN: 0008-5472. 
United States 

Journal; Article; (JOURNAL ARTICLE) 
English 

Priority Journals 
200110 

Entered STN: 20011015 
Last Updated on STN: 20020420 
Entered Medline: 20011018 
The therapeutic potential of cisplatin, one of the most active and widely 
used anticancer drugs, is severely limited by the occurrence of cellular 
resistance. In this study, using budding yeast Saccharomyces cerevisiae 
as a model organism to identify novel drug resistance genes, we found that 
disruption of the yeast gene SKY1 (serine/arginine- 
rich protein-specific kinase from budding yeast) by 
either transposon insertion or one-step gene replacement conferred 
cellular resistance to cisplatin. Heterologous expression of 
the human SKY1 homologue SRPK1 (serine/ 
arginine-rich protein-specific kinase) in SKY1 

deletion mutant yeast cells restored cisplatin sensitivity, suggesting 
that SRPK1 is a cisplatin sensitivity gene, the inactivation of which 
could lead to cisplatin resistance. Subsequently, we investigated the 
role of SRPK1 in cisplatin sensitivity and resistance in human 
ovarian carcinoma A2780 cells using antisense oligodeoxynucleotides . 
Treatment of A2780 cells with antisense oligodeoxynucleotides directed 
against the translation initiation site of SRPK1 led to down-regulation of 
SRPK1 protein and conferred a 4-fold resistance to cisplatin. The 
human SRPK1 gene has not been associated with drug resistance 
before. Our new findings strongly suggest that SRPK1 is involved in 
cisplat in- induced cell kill and indicate that SRPK1 might potentially be 
of importance for studying clinical drug resistance. 
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Department of Functional Genomics, Medical Research 
Institute, Tokyo Medical and Dental University, 1-5-45 
Yushima, Bunkyo-ku, Tokyo 113-8510, Japan. 
Journal of biological chemistry, (2001 Aug 24) 276 (34) 
32247-56. Electronic Publication: 2001-06-19. 
Journal code: 2985121R. ISSN: 0021-9258. 
United States 

Journal; Article; (JOURNAL ARTICLE) 
English 

Priority Journals 
GENBANK-AY02 9347 
200109 

Entered STN: 20010903 
Last Updated on STN: 20030105 
Entered Medline: 20010920 
Prp4 is a protein kinase of Schizosaccharomyces pombe identified 
through its role in pre-mRNA splicing, and belongs to a kinase 
family including mammalian serine/arginine- 
rich protein-specific kinases and Clks, whose substrates 
are serine/arginine-rich proteins. We 
cloned human PRP4 (hPRP4) full-length cDNA and the 

antiserum raised against a partial peptide of hPRP4 recognized 170-kDa 
polypeptide in HeLa S3 cell extracts. Northern blot analysis revealed 
that hPRP4 mRNA was ubiquitously expressed in multiple tissues. 
The extended NH (2) -terminal region of hPRP4 contains an 
arginine/serine-rich domain and putative nuclear localization signals. 
hPRP4 phosphorylated and interacted with SF2/ASF, one of the essential 
splicing factors. Indirect immunofluorescence analysis revealed that 
endogenous hPRP4 was distributed in a nuclear speckled pattern and 
colocalized with SF2/ASF in HeLa S3 cells. Furthermore, hPRP4 interacted 
directly with Clkl on its COOH terminus, and the arginine/serine-rich 
domain of hPRP4 was phosphorylated by Clkl in vitro. Overexpression of 
Clkl caused redistribution of hPRP4, from the speckled to the diffuse 
pattern in nucleoplasm, whereas inactive mutant of Clkl caused no change 
of hPRP4 localization. These findings suggest that the NH (2) -terminal 
region of hPRP4 may play regulatory roles under an unidentified signal 
transduction pathway through Clkl. 
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Serine/arginine-rich (SR) proteins play an 

important role in constitutive and alternative pre-mRNA splicing. The 
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AB 



C-terminal arginine-serine domain of these proteins, such as SF2/ASF, 
mediates protein-protein interactions and is phosphorylated in vivo. 
Using glutathione S-transf erase (GST) -SF2/ASF-af f inity chromatography, the 
SF2/ASF kinase activity was co-purified from HeLa cells with a 
95-kDa protein, which was recognized by an anti-SR protein kinase 
(SRPK) 1 monoclonal antibody. Recombinant SRPK1 and SRPK2 bound 
to and phosphorylated GST-SF2/ASF in vitro. Phosphopeptide mapping showed 
that identical sites were phosphorylated in the pull -down kinase 
reaction with HeLa extracts and by recombinant SRPKs . 
Epitope-tagged SF2/ASF transiently expressed in C0S7 cells 
co-immunoprecipitated with SRPKs . Deletion analysis mapped the 
phosphorylation sites to a region containing an (Arg-Ser)8 repeat 
beginning at residue 204, and far-Western analysis showed that the region 
is required for binding of SRPKs to SF2/ASF. Further binding studies 
showed that SRPKs bound unphosphorylated SF2/ASF but did not bind 
phosphorylated SF2/ASF. Expression of an SRPK2 kinase 

-inactive mutant caused accumulation of SF2/ASF in the cytoplasm. These 
results suggest that the formation of complexes between SF2/ASF and SRPKs, 
which is influenced by the phosphorylation state of SF2/ASF, may have 
regulatory roles in the assembly and localization of this splicing factor. 
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AB Pre-mRNA splicing is catalyzed by a multitude of proteins including 
serine/arginine-rich (SR) proteins, which are 

thought to play a crucial role in the formation of spliceosomes and in the 
regulation of alternative splicing. SR proteins are highly 
phosphorylated, and their kinases are believed to regulate the 
recruitment of SR proteins from nuclear storage compartments known as 
speckles. Recently, a family of autophosphorylating kinases 
termed CLK (CDC2/CDC28-like kinases) was shown to phosphorylate 
SR proteins and to influence alternative splicing in overexpression 
systems. Here we used endogenous CLK2 protein to demonstrate that it 
displays different biochemical characteristics compared with its 
overexpressed protein and that it is differentially phosphorylated in 
vivo. Furthermore, CLK2 changed its nuclear localization upon treatment 
with the kinase inhibitor 5, 6-dichloro-l-beta-D- 
ribofuranosylbenzimidazole. We have also identified a CLK2 
autophosphorylation site, which is highly conserved among all CLK 
proteins, and we show by site-directed mutagenesis that its 
phosphorylation influences the subnuclear localization of CLK2 . Our data 
suggest that CLK2 localization and possibly activity are influenced by a 
balance of CLK2 autophosphorylation and the regulation by CLK2 
kinases and phosphatases. 
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in the human Ul 70k protein is necessary and 
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Critical protein-protein interactions among pre-mRNA splicing factors 
determine splicing efficiency and specificity. The serine/ 
arginine proteins, a family of factors characterized by the 
presence of an RNA recognition motif and an arginine/serine domain, are 
essential for constitutive splicing and required for some alternative 
splicing decisions. ASF/SF2, SC35, and other members of the 
serine/arginine family, interact with the 70k protein of 

the Ul small nuclear ribonucleoprotein. The binding of this protein with 
ASF/SF2 is thought to enhance recognition of the 5' splice site of 
pre-mRNAs by the Ul small nuclear ribonucleoprotein. It has been clearly 
documented that the arginine/serine domain of ASF/SF2 is responsible for 
binding to the Ul 70k protein. In this manuscript we characterize the 
segment in the human Ul 70k protein that is both necessary and 
sufficient for ASF/SF2 binding. A domain within this segment, which 
begins with Arg24 0 and ends with Asp270, was shown to bind specifically to 
the arginine/serine domain of ASF/SF2 using a yeast two-hybrid system and 
a far Western assay. Mutational analysis of this segment suggested that 
several arginines are critical for the interaction with ASF/SF2 and for 
phosphorylation by SRPK1 . Inspection of the sequence of the Arg248 to 
Asp270 region suggested this as an arginine/serine-like domain in Ul 70k 
protein, and the data presented in this manuscript strongly support this 
view. Inspection of the human Ul 70k protein sequence, 
comparison with homologues in other animal species, and mutational 
analysis indicated the importance of the sequence Arg-Arg-Arg-Ser-Arg-Ser- 
Arg-Asp, which is found repeated twice in the region from Arg248 to Asp270 
in the human protein. 
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AB DNA topoisomerase I is required for the normal development of 

multicellular organisms, probably because it plays a role in controlling 
gene activity, in addition to its function in relieving tortional stress 
during DNA replication and transcription. The discovery of DNA 
topoisomerase I as a specific kinase that phosphorylates. 
serine-arginine rich (SR) splicing factors may 

provide new insights into their precise function in regulating gene 
expression. It is clear that the splicing factors phosphorylated 
by DNA topoisomerase I can modulate gene expression by changing 
the splicing pattern of structural genes. Studies of the splicing 
mechanism suggest that the phosphorylation of serine residues of SR 
proteins contribute to their activity. As this phosphorylation can be 
accomplished by several kinases, it remains to be determined 
whether phosphorylation by DNA topoisomerase I protein kinase is 
the limiting step in regulating this process. The availability of 
specific inhibitors of DNA topoisomerase I, structurally related to the 
alkaloid camptothecin, have made it possible to address this question 
experimentally. These inhibitors, which hold great promise as 
antineoplastic drugs, lead to specific inhibition of SR protein 
phosphorylation in cultured cells. This observation will hopefully lead 
to improved understanding of the mechanism by which these drugs act at 
cellular level. 
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Serine/arginine-rich (SR) proteins are 

essential for pre-mRNA splicing, and modify the choice of splice site 
during alternative splicing in a process apparently regulated by protein 
phosphorylation. Two protein kinases have been cloned 

that can phosphorylate SR proteins in vitro: SRPK1 and Clk/Sty. Here, we 
show that these two kinases phosphorylate the same SR proteins 
in vitro, but that SRPK1 has the higher specific activity toward ASF/SF2 . 
SRPK1, like Clk/Sty, phosphorylates ASF/SF2 in vitro on sites that are 
also phosphorylated in vivo. Tryptic peptide mapping of ASF/SF2 revealed 
that three of the phosphopeptides from full-length ASF/SF2 phosphorylated 
in vitro contain consecutive phosphoserine-arginine residues or 
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phosphoserine-proline residues. In vitro, the Clk/Sty kinase 
phosphorylated Ser-Arg, Ser-Lys, or Ser-Pro sites, whereas SRPK1 had a 
strong preference for Ser-Arg sites. These results suggest that SRPK1 and 
Clk/Sty may play different roles in regulating SR splicing factors, and 
suggest that Clk/Sty has a broader substrate specificity than SRPK1. 
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We show that the higher plant Arabidopsis thaliana has a serine- 
arginine-rich (SR) protein family whose members contain . 
a phosphoepitope shared by the animal SR family of splicing factors, 
addition, we report the cloning and characterization of a cDNA 
encoding a higher-plant SR protein from Arabidopsis, SRI, which has 
striking sequence and structural homology to the human splicing 
factor SF2/ASF. Similar to SF2/ASF, the plant SRI protein promotes splice 
site switching in mammalian nuclear extracts. A novel feature of the 
Arabidopsis SR protein is a C-terminal domain containing a high 
concentration of proline, serine, and lysine residues (PSK domain) , a 
composition reminiscent of histones. This domain includes a putative 
phosphorylation site for the mitotic kinase cyclin/p34cdc2 . 
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AB Small nuclear ribonucleoprotein particles (snRNPs) and non-snRNP splicing 
factors containing a serine/arginine-rich 
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domain (SR proteins) concentrate in 'speckles' in the nucleus of 

interphase cells. It is believed that nuclear speckles act as storage 

sites for splicing factors while splicing occurs on nascent transcripts. 

Splicing factors redistribute in response to transcription inhibition or 

viral infection, and nuclear speckles break down and reform as cells 

progress through mitosis. We have now identified and cloned a 

kinase, SRPK1, which is regulated by the cell cycle and is 

specific for SR proteins; this kinase is related to a 

Caenorhabditis elegans kinase and to the fission yeast 

kinase Dskl (reference 7) . SRPK1 specifically induces the disassembly 

of nuclear speckles, and a high level of SRPK1 inhibits splicing in vitro. 

Our results indicate that SRPK1 may have a central role in the regulatory 

network for splicing, controlling the intranuclear distribution of 

splicing factors in interphase cells, and the reorganization of nuclear 

speckles during mitosis. 
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AB Male germ cell tumors (GCTs) are extremely sensitive to 

platinum-containing chemotherapy, with only 10% of patients showing 
therapy resistance. However, the biological basis of the high curability 
of disseminated GCTs by chemotherapy is still unknown. Recently, we 
demonstrated that the mammalian serine/arginine- 
rich protein-specific kinase 1 (SRPK1) is a 

cisplatin-sensitive gene, inactivation of which leads to cisplatin 
resistance. Because, in mammalians, the expression of SRPK1 is 
preferentially high in testicular tissues, cisplatin responsiveness of 
male GCTs might be associated with SRPK1 levels. In the present study, we 
monitored SRPK1 protein expression in a unique series of 

nonseminomatous GCTs by immunohistochemistry . Randomly selected GCTs (n = 
70) and tumors from patients responding to standard chemotherapy (n = 20) 
generally showed strong SRPK1 staining. In contrast, expression 
in refractory GCTs (n = 20) as well as in GCTs from poor-prognosis 
patients responding to high-dose chemotherapy only (n = 11) was 
significantly lower (two-sided Wilcoxon rank sum test: P < .001) . In 
conclusion, our data suggest that SRPK1 expression might be an 
important prognostic indicator for the chemoresponsiveness of 
nonseminomatous GCTs . 
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The regulation of splice site usage provides a versatile mechanism for 
controlling gene expression and for the generation of proteome 
diversity, playing an essential role in many biological processes. The 
importance of alternative splicing is further illustrated by the 
increasing number of human diseases that have been attributed to 
mis-splicing events. Appropriate spatial and temporal generation of 
splicing variants demands that alternative splicing be subjected to 
extensive regulation, similar to transcriptional control. The Clk 
(Cdc2-like kinase) family has been implicated in splicing 

control and consists of at least four members. Through extensive screening 
of a chemical library, we found that a benzothiazole compound, TG003, had 
a potent inhibitory effect on the activity of Clkl/Sty. TG003 inhibited 
SF2 /ASF-dependent splicing of p-globin pre-mRNA in vitro by 
suppression of Clk-mediated phosphorylation. This drug also suppressed 
serine/arginine-rich protein phosphorylation, 

dissociation of nuclear speckles, and Clkl/Sty-dependent alternative 
splicing in mammalian cells. Consistently, administration of TG003 rescued 
the embryonic defects induced by excessive Clk activity in Xenopus . Thus, 
TG003, a novel inhibitor of Clk family will be a valuable tool to dissect 
the regulatory mechanisms involving serine/arginine- 
rich protein phosphorylation signaling pathways in vivo, and may 
be applicable for the therapeutic manipulation of abnormal splicing. 
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AB Prp4 is a protein kinase of Schizosaccharomyces pombe identified 



through its role in pre-mRNA splicing, and belongs to a kinase 

family including mammalian serine/arginine- 

rich protein-specific kinases and Clks, whose substrates 

are serine/arginine-rich proteins. We 

cloned human PRP4 (hPRP4) full-length cDNA and the 

antiserum raised against a partial peptide of hPRP4 recognized 170-kDa 
polypeptide in HeLa S3 cell extracts. Northern blot analysis revealed that 
hPRP4 mRNA was ubiquitously expressed in multiple tissues. The 
extended NH(2) -terminal region of hPRP4 contains an arginine/serine-rich 
domain and putative nuclear localization signals. hPRP4 phosphorylated and 
interacted with SF2/ASF, one of the essential splicing factors. Indirect 
immunofluorescence analysis revealed that endogenous hPRP4 was distributed 
in a nuclear speckled pattern and colocalized with SF2/ASF in HeLa S3 
cells. Furthermore, hPRP4 interacted directly with Clkl on its COOH 
terminus, and the arginine/serine-rich domain of hPRP4 was phosphorylated 
by Clkl in vitro. Overexpression of Clkl caused redistribution of hPRP4 , 
from the speckled to the diffuse pattern in nucleoplasm, whereas inactive 
mutant of Clkl caused no change of hPRP4 localization. These findings 
suggest that the NH (2) -terminal region of hPRP4 may play regulatory roles 
under an unidentified signal transduction pathway through Clkl. 
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AB Intestinal epithelial cells are constantly stimulated by reactive oxidant 
metabolites (ROMs) in inflamed mucosa. Monochloramine (NH(2)C1), a 
cell-permeant ROM, is particularly relevant to the pathogenesis of 
inflammation in the gastrointestinal tract. Nuclear speckles, a unique 
nuclear subcompartment , accumulate a family of proteins, namely, serine- 
and arginine-rich (SR) proteins. They* play important roles in regulation 
of pre-mRNA splicing. Currently, little is known about the link between 
inflammatory stimulation and the pre-mRNA splicing process, although gene 
expression is changed in inflamed tissues. The present study was 
designed to investigate whether stimulation of human colonic 
epithelial cells (HT-29 and Caco-2 cell lines) with NH(2)C1 affects 
nuclear speckles and their components. By indirect immunofluorescence, 
nuclear speckles have been shown to undergo rapid aggregation after 
NH(2)C1 stimulation. By utilizing Western blotting, SRp30 (a subset of SR 
proteins) in intestinal epithelial cells was found to be phosphorylated 
after NH(2)C1 treatment, whereas other SR proteins were not responsive to 
NH(2)C1 stimulation. The cytotoxic effect of NH(2)C1 was excluded by both 
negative lactate dehydrogenase assay and propidium iodide staining. 
Therefore, NH (2) Cl-induced morphological changes on nuclear speckles and 
phosphorylated SRp30 do not result from intestinal epithelial injury. 
Furthermore, the effect of NH(2)C1 on nuclear speckles and SRp30 was 



blocked by bisindolylmaleimide I, a selective PKC inhibitor. Together, the 
available data suggest that stimulation of intestinal epithelial cells 
with NH(2)C1 results in a consequent change on pre-mRNA splicing machinery 
via a distinctive signal pathway involving activation of PKC. This effect 
may contribute to oxidant -induced pathophysiological changes in the 
gastrointestinal tract. 
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Two different, yet related issues regarding gonadotropin-releasing hormone 
(GnRH) , i.e. the development and differentiation of hypothalamic GnRH 
neurons and the alternative RNA splicing of GnRH gene transcripts, are 
addressed in the present review. Using the immortalized GnRH -producing GT1 
cell line, we found that activation of protein kinase C (PKC) 
with 12 -O-tetradecanoylphorbol- 13 -acetate induces morphological and 
functional differentiation of these neurons. Specific isoforms of PKC are 
involved in neurite growth, cell migration and synaptic contacts and 
involve different signaling pathways. Using an in vitro splicing assay 
with HeLa nuclear extract, we found that excision of the first intron of 
the GnRH primary transcript is attenuated in non-GnRH-producing cells, but 
not in GnRH -producing cells such as GT1 . This attenuation was relieved by 
exonic splicing enhancers located in the GnRH exons 3 and 4. 
Interestingly, addition of nuclear extract derived from GT1 cells further 
increased the excision rate of intron A, indicating that GnRH neurons 
contain trans-acting splicing factors. Extensive biochemical analysis 
indicates that Tra2a, a serine/arginine- 

rich RNA-binding protein, and other cof actors are likely involved 
in mediating neuron-specific excision of intron A from the GnRH primary 
transcript. An understanding of the GnRH neuron-specific splicing 
machinery provides critical insight into the molecular mechanism of GnRH 
gene regulation and consequently of mammalian reproductive development. 
Copyright .COPYRGT. 2003 S. Karger AG, Basel. 
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LANGUAGE: English 

SUMMARY LANGUAGE: English 

AB Members of the serine/arginine-rich (SR) 

protein family play an important role in both constitutive and regulated 
splicing of precursor mRNAs . Phosphorylation of the arginine/serine 
dipeptide-rich domain (RS domain) can modulate the activity and the 
subcellular localization of SR proteins. However, whether the SR protein 
family members are individually regulated and how this is achieved remain 
unclear. In this report we show that 5, 6-dichloro-lp-D-ribofuranosyl- 
benzimidazole (DRB) , an inhibitor of RNA polymerase II-dependent 
transcription, specifically induced hyperphosphorylation of SRp55 but not 
that of any other SR proteins tested. Hyperphosphorylation of SRp55 occurs 
at the RS domain and appears to require the RNA-binding activity. Upon DRB 
treatment, hyperphosphorylated SRp55 relocates to enlarged nuclear 
speckles. Intriguingly, SRp55 is specifically targeted for degradation by 
the proteasome upon overexpression of the SR protein kinase 
Clk/Sty. Although a destabilization signal is mapped within the C-terminal 
43-amino acid segment of SRp55, its adjacent lysine/serine-rich RS domain 
is nevertheless critical for the Clk/Sty-mediated degradation. We report 
for the first time that SRp55 can be hyperphosphorylated under different 
circumstances whereby its fate is differentially influenced. 
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SUMMARY LANGUAGE: English 

AB A novel serine-arginine-rich protein 

designated TcSR was identified in Trypanosoma cruzi. The deduced amino 
acid sequence reveals that TcSR is a member of the SR protein family of 
splicing factors that contains two RNA-binding domains at the N-terminal 
side and several serine-arginine repeats at the 
COOH-terminus . Over expression of either TcSR or the 
human SR-protein associated splicing factor/splicing factor 2 
(ASF/SF2) in wild-type Schizosaccharomyces pombe, provoked an elongated 
phenotype similar to that of fission yeast over expressing the 
SR-containing splicing factor Prp2, a U2AF(65) orthologue. When a double 
mutant strain lacking two SR protein-specific protein kinases 
was used, expression of TcSR or human SR ASF/SF2 

splicing factor reverted the mutant to a wild-type phenotype. Transient 

expression of TcSR in HeLa cells stimulated the inclusion of the 

EDI exon of human fibronectin in an in vivo functional 

alternative cis-splicing assay. Inclusion was dependent on a splicing 



enhancer sequence present in the EDI exon. In addition, TcSR and peptides 

carrying TcSR-RS domain sequences were phosphorylated by a human 

SR protein kinase- These results indicate that TcSR is a member 

of the SR splicing network and that some components common to the trans - 

and cis- splicing machineries evolved from the early origins of the 

eukaryotic lineage. . COPYRGT . 2002 Elsevier Science B.V\ All rights 

reserved. 
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AB Bovine papillomavirus type 1 (BPV-1) late pre-mRNAs are spliced in 

keratinocytes in a differentiation-specific manner: the late leader 5' 
splice site alternatively splices to a proximal 3' splice site (at 
nucleotide 3225) to express L2 or to a distal 3' splice site (at 
nucleotide 3605) to express LI. Two exonic splicing enhancers, 
each containing two ASF/SF2 (alternative splicing factor/splicing factor 
2) binding sites, are located between the two 3 1 splice sites and have 
been identified as regulating alternative 3 ! splice site usage. The 
present report demonstrates for the first time that ASF/SF2 is required 
under physiological conditions for the expression of BPV-1 late 
RNAs and for selection of the proximal 3 1 splice site for BPV-1 RNA 
splicing in DT40-ASF cells, a genetically engineered chicken B-cell line 
that expresses only human ASF/SF2 controlled by a 

tetracycline-repressible promoter. Depletion of ASF/SF2 from the cells by 
tetracycline greatly decreased viral RNA expression and RNA 
splicing at the proximal 3' splice site while increasing use of the distal 
3' splice site in the remaining viral RNAs. Activation of cells lacking 
ASF/SF2 through ant i- immunoglobulin M-B-cell receptor cross-linking 
rescued viral RNA expression and splicing at the proximal 3* 
splice site and enhanced Akt phosphorylation and expression of 
the phosphorylated serine/arginine-rich (SR) 

proteins SRp30s (especially SC35) and SRp40. Treatment with wortmannin, a 
specific phosphatidyl inositol 3-kinase/Akt kinase 

inhibitor, completely blocked the activation- induced activities. ASF/SF2 
thus plays an important role in viral RNA expression and 

splicing at the proximal 3' splice site, but activation-rescued viral RNA 
expression and splicing in ASF/SF2 -depleted cells is mediated 
through the phosphatidyl inositol 3-kinase/Akt pathway and is 
associated with the enhanced expression of other SR proteins. 
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Small nuclear ribonucleoprotein particles (snRNPs) and non-snRNP splicing 
factors containing a serine/arginine-rich 

domain (SR proteins) concentrate in splicing factor compartments (SFCs) 
within the nucleus of interphase cells. Nuclear SFCs are considered mainly 
as storage sites for splicing factors, supplying splicing factors to 
active genes. The mechanisms controlling the interaction of the various 
spliceosome constituents, and the dynamic nature of the SFCs, are still 
poorly understood. We show here that endogenous PSKH1, a previously 
cloned kinase/ is located in SFCs. Migration of 
PSKH1-FLAG into SFCs is enhanced during co-expression of 
T7-tagged ASF/SF2 as well as other members of the SR protein family, but 
not by two other non-SR nuclear proteins serving as controls. Similar to 
the SR protein kinase family, overexpression of PSKH1 led to 
reorganization of co-expressed T7-SC35 and T7-ASF/SF2 into a 
more diffuse nuclear pattern. This redistribution was not dependent on 
PSKH1 kinase activity. Different from the SR protein 
kinases, the SFC-associat ing features of PSKH1 were located within 
its catalytic kinase domain and within its C-terminus. Although 
no direct interaction was observed between PSKH1 and any of the SR 
proteins tested in pull -down or yeast two-hybrid assays, forced 
expression of PSKH1-FLAG was shown to stimulate distal splicing of 
an E1A mini-gene in HeLa cells. Moreover, a GST-ASF/ SF2 fusion was not 
phosphorylated by PSKH1, suggesting an indirect mechanism of action on SR 
proteins. Our data suggest a mutual relationship between PSKH1 and SR 
proteins, as they are able to target PSKH1 into SFCs, while forced PSKH1 
expression modulates nuclear dynamics and the function of co- 
expressed splicing factors. 
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SKY1 is involved in cisplatin-induced cell kill in 
Saccharomyces cerevisiae, and inactivation of its 
human homologue, SRPK1, induces cisplatin 
resistance in a human ovarian carcinoma cell 
line. 
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LANGUAGE : English 
SUMMARY LANGUAGE: English 

AB The therapeutic potential of cisplatin, one of the most active and widely 
used anticancer drugs, is severely limited by the occurrence of cellular 
resistance. In this study, using budding yeast Saccharomyces cerevisiae as 
a model organism to identify novel drug resistance genes, we found that 
disruption of the yeast gene SKY1 (serine/arginine- 
rich protein-specific kinase from budding yeast) by 
either transposon insertion or one-step gene replacement conferred 
cellular resistance to cisplatin. Heterologous expression of the 
human SKY1 homologue SRPK1 (serine/arginine- 
rich protein-specific kinase) in SKY1 deletion mutant 

yeast cells restored cisplatin sensitivity, suggesting that SRPK1 is a 
cisplatin sensitivity gene, the inactivation of which could lead to 
cisplatin resistance. Subsequently, we investigated the role of SRPK1 in 
cisplatin sensitivity and resistance in human ovarian carcinoma 
A2780 cells using antisense oligodeoxynucleotides . Treatment of A2780 
cells with antisense oligodeoxynucleotides directed against the 
translation initiation site of SRPK1 led to down -regulation of SRPK1 
protein and conferred a 4 -fold resistance to cisplatin. The human 
SRPK1 gene has not been associated with drug resistance before. Our new 
findings strongly suggest that SRPK1 is involved in cisplatin-induced cell 
kill and indicate that SRPK1 might potentially be of importance for 
studying clinical drug resistance. 
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AB DNA topoisomerase I is required for the normal development of 

multicellular organisms, probably because it plays a role in controlling 
. gene activity, in addition to its function in relieving tortional stress 
during DNA replication and transcription. The discovery of DNA 
topoisomerase I as a specific kinase that phosphorylates 
serine-arginine rich (SR) splicing factors may 

provide new insights into their precise function in regulating gene 

expression. It is clear that the splicing factors phosphorylated 

by DNA topoisomerase I can modulate gene expression by changing 

the splicing pattern of structural genes. Studies of the splicing 

mechanism suggest that the phosphorylation of serine residues of SR 

proteins contribute to their activity. As this phosphorylation can be 

accomplished by several kinases, it remains to be determined 

whether phosphorylation by DNA topoisomerase I protein kinase is 

the limiting step in regulating this process. The availability of specific 



inhibitors of DNA topoisomerase I, structurally related to the alkaloid 
camptothecin, have made it possible to address this question 
experimentally. These inhibitors, which hold great promise as 
antineoplastic drugs, lead to specific inhibition of SR protein 
phosphorylation in cultured cells. This observation will hopefully lead to 
improved understanding of the mechanism by which these drugs act at 
cellular level. 
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We show that the higher plant Arabidopsis thaliana has a serine- 
arginine- rich (SR) protein family whose members contain 
a phosphoepitope shared by the animal SR family of splicing factors. In 
addition, we report the cloning and characterization of a cDNA 
encoding n higher-plant SR protein from Arabidopsis, SRI, which has 
striking sequence and structural homology to the human splicing 
factor SF2/ASF. Similar to SF2/ASF, the plant SRI protein promotes splice 
site switching in mammalian nuclear extracts. A novel feature of the 
Arabidopsis SR protein is a C-terminal domain containing a high 
concentration of proline, serine, and lysine residues (PSK domain), a 
composition reminiscent of histones. This domain includes a putative 
phosphorylation site for the mitotic kinase cyclin/p34 (cdc2) . 
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Small nuclear ribonucleoprotein particles (snRNPs) and non-snRNP splicing 
factors containing a serine/arginine-rich 

domain (SR proteins) concentrate in 'speckles' in the nucleus of 
interphaae cells. It is believed that nuclear speckles act as storage 
sites for splicing factors while splicing occurs on nascent transcripts. 
Splicing factors redistribute in response to transcription inhibition or 
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viral infection, aud nuclear speckles break down and reform as cells 

progress through mitosis. We have now identified and cloned a 

kinase, SRPK1, which is regulated by the cell cycle and is 

specific for SR proteins; this kinase is related to a 

Caenorhabditis elegans kinase and to the fission yeast 

kinase Dskl . SRPK1 specifically induces the disassembly of nuclear 

speckles, and a high level of SRPK1 inhibits splicing in vitro. Our 

results indicate that SRPK1 may have a central role in the regulatory 

network for splicing, controlling the intranuclear distribution of 

splicing factors in interphase cells, and the reorganization of nuclear 

speckles during mitosis. 
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Entered STN: 13 Oct 2004 
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Male germ cell tumors (GCTs) are extremely sensitive to 
platinum-containing chemotherapy, with only 10% of patients showing 
therapy resistance. However, the biological basis of the high curability 
of disseminated GCTs by chemotherapy is still unknown. Recently, we 
demonstrated that the mammalian serine/arginine- 
rich protein-specific kinase 1 (SRPK1) is a 

cisplatin-sensitive gene, inactivation of which leads to cisplatin 
resistance. Because, in mammalians, the expression of SRPK1 is 
preferentially high in testicular tissues, cisplatin responsiveness of 
male GCTs might be associated with SRPK1 levels. In the present study, we 
monitored SRPK1 protein expression in a unique series of 

nonseminomatous GCTs by immunohistochemistry . Randomly selected GCTs (n = 
70) and tumors from patients responding to standard chemotherapy (n = 20) 
generally showed strong SRPK1 staining. In contrast, expression 
in refractory GCTs (n = 20) as well as in GCTs from poor-prognosis 
patients responding to high-dose chemotherapy only (n = 11) was 
significantly lower (two-sided Wilcoxon rank sum test: P < .001). In 
conclusion, our data suggest that SRPK1 expression might be an 
important prognostic indicator for the chemoresponsiveness of 
nonseminomatous GCTs . 
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The regulation of splice site usage provides a versatile mechanism 
controlling gene expression and for the generation of proteome 
diversity, playing an essential role in many biological processes, 
importance of alternative splicing is further illustrated by the 
increasing number of human diseases that have been attributed to 
mis-splicing events. Appropriate spatial and temporal generation of 
splicing variants demands that alternative splicing be subjected to 
extensive regulation, similar to transcriptional control. The Clk 
(Cdc2-like kinase) family has been implicated in splicing 
control and consists of at least four members. Through extensive 
screening of a chemical library, we found that a benzothiazole compound, 
TG003, had a potent inhibitory effect on the activity of Clkl/Sty. TG003 
inhibited SF2 /ASF -dependent splicing of beta-globin pre-mRNA in vitro by 
suppression of Clk-mediated phosphorylation. This drug also suppressed 
serine/arginine-rich protein phosphorylation, 

dissociation of nuclear speckles, and Clkl/Sty-dependent alternative 
splicing in mammalian cells. Consistently, administration of TG003 
rescued the embryonic defects induced by excessive Clk activity in 
Xenopus . Thus, TG003, a novel inhibitor of Clk family will be a valuable 
tool to dissect the regulatory mechanisms involving serine/ 
arginine-rich protein phosphorylation signaling pathways 
in vivo, and may be applicable for the therapeutic manipulation of 
abnormal splicing . 
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Background and Objective: Nuclear speckle is a nuclear subcompartment , 
which is associated with alternative splicing of pre-mRNA. It enriches a 
family of proteins, the SR (serine/arginine- 
rich) proteins, which play important roles in the splicing 
control. Recent investigations suggest that the alternative splicing 
process is altered during the GI inflammation. However, a large gap 
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exists in our understanding of how this process is modulated by 
inflammatory stimulation. Monochloramine (NH2C1) is a membrane -permeant 
oxidant generated during inflammation in the GI tract. It stimulates 
fluid secretion and contributes to local tissue damage. However, the 
effect of NH2C1 on gene expressions in enterocytes is not clear. 
In the present study, we investigated whether NH2C1 induces structural 
changes of nuclear speckles and explored the mechanism through which NH2C1 
modulates the architecture of nuclear speckles and phosphorylation of SR 
proteins in intestinal epithelial cells (IEC) . Methods: IEC cells 
including HT-29 and Caco-2 lines were treated with NH2C1 . The 
distribution of nuclear speckles in IEC cells was determined by indirect 
immunofluorescence with an anti-SC35 monoclonal antibody. To identify 
phosphorylation status of SR proteins after NH2C1 treatment, we isolated 
total cellular protein from NH2Cl-stimulated IEC cells and performed 
western blot using mAbl04. Results: Nuclear speckles recognized by 
anti-SC35 mAb were concentrated in distinct domains in resting IEC cells. 
Treatment of IEC cells with NH2C1 induced aggregation of nuclear speckles 
in IEC cells within 2 hrs . Furthermore, we found that NH2C1 up-regulates 
phosphorylation of SRp30 in IEC cells. This effect was in the 
dose-dependent manner. Pre-treatment of IEC cells with selective 
inhibitors of protein kinase C attenuated NH2C1- induced 
aggregation of nuclear speckles and phosphorylation of SRp30. In 
addition, the PKC activity was elevated in NH2C1 -treated IEC cells. 
Phorbol 12-myristate-13-acetate, a classic PKC activator, mimics the NH2C1 
effect on nuclear speckle distribution and SRp30 phosphorylation in IEC 
cells. Conclusions: The present study indicates that the dynamic 
distribution of nuclear speckles and phosphorylation of SR proteins in, IEC 
cells are modulated by oxidants via distinctive signal pathways in IEC' 
cells. This effect may participate in the inflammatory process of the 
gastrointestinal tract. 
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AB A novel serine-arginine-rich protein 

designated TcSR was identified in Trypanosoma cruzi. The deduced amino 

acid sequence reveals that TcSR is a member of the SR protein family of 

splicing factors that contains two RNA-binding domains at the N- terminal 

side and several serine-arginine repeats at the 

COOH- terminus. Over expression of either TcSR or the 

human SR-protein associated splicing factor/splicing factor 2 



(ASF/SF2) in wild-type Schizosaccharomyces pombe, provoked an elongated 
phenotype similar to that of fission yeast over expressing the 
SR-containing splicing factor Prp2, a U2AF65 orthologue. When a double 
mutant strain lacking two SR protein-specific protein kinases 
was used, expression of TcSR or human SR ASF/SF2 

splicing factor reverted the mutant to a wild- type phenotype. Transient 

expression of TcSR in HeLa cells stimulated the inclusion of the 

EDI exon of human fibronectin in an in vivo functional 

alternative cis-splicing assay. Inclusion was dependent on a splicing 

enhancer sequence present in the EDI exon. In addition, TcSR and peptides 

carrying TcSR-RS domain sequences were phosphorylated by a human 

SR protein kinase- These results indicate that TcSR is a member 

of the SR splicing network and that some components common to the trans - 

and cis-splicing machineries evolved from the early origins of the 

eukaryotic lineage. 

L8 ANSWER 34 OF 78 BIOSIS COPYRIGHT (c) 2005 The Thomson Corporation on 
STN 

ACCESSION NUMBER: 2003:99385 BIOSIS 
DOCUMENT NUMBER: PREV200300099385 
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papillomavirus type 1 nucleotide 3225 3 1 splice site can be 
rescued in a cell lacking splicing factor ASF/SF2 through 
activation of the phosphatidyl inositol 3-kinase 
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[Reprint Author] 
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2105-2115. print. 
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DOCUMENT TYPE: Article 
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AB Bovine papillomavirus type 1 (BPV-1) late pre-mRNAs are spliced in 

keratinocytes in a differentiation-specific manner: the late leader 5' 
splice site alternatively splices to a proximal 3' splice site (at 
nucleotide 3225) to express L2 or to a distal 3 1 splice site (at 
nucleotide 3605) to express LI. Two exonic splicing enhancers, 
each containing two ASF/SF2 (alternative splicing factor/splicing factor 
2) binding sites, are located between the two 3' splice sites and have 
been identified as regulating alternative 3* splice site usage. The 
present report demonstrates for the first time that ASF/SF2 is required 
under physiological conditions for the expression of BPV-1 late 
RNAs and for selection of the proximal 3' splice site for BPV-1 RNA 
splicing in DT40-ASF cells, a genetically engineered chicken B-cell line 
that expresses only human ASF/SF2 controlled by a 

tetracycline-repressible promoter. Depletion of ASF/SF2 from the cells by 
tetracycline greatly decreased viral RNA expression and RNA 
splicing at the proximal 3 1 splice site while increasing use of the distal 
3' splice site in the remaining viral RNAs. Activation of cells lacking 
ASF/SF2 through ant i- immunoglobulin M-B-cell receptor cross-linking 
rescued viral RNA expression and splicing at the proximal 3' 
splice site and enhanced Akt phosphorylation and expression of 
the phosphorylated serine/arginine-rich (SR) 

proteins SRp30s (especially SC35) and SRp40. Treatment with wortmannin, a 
specific phosphatidylinositol 3-kinase/Akt kinase 

inhibitor, completely blocked the activation- induced activities. ASF/SF2 
thus plays an important role in viral RNA expression and 



splicing at the proximal 3 1 splice site, but activation-rescued viral RNA 
expression and splicing in ASF/ SF2 -depleted cells is mediated 
through the phosphatidyl inositol 3-kinase/Akt pathway and is 
associated with the enhanced expression of other SR proteins. 
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kinase . 
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Article 
English 
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Small nuclear ribonucleoprotein particles (snRNPs) and non-snRNP splicing 
factors containing a serine/arginine-rich 

domain (SR proteins) concentrate in splicing factor compartments (SFCs) 
within the nucleus of interphase cells. Nuclear SFCs are considered 
mainly as storage sites for splicing factors, supplying splicing factors 
to active genes. The mechanisms controlling the interaction of the 
various spliceosome constituents, and the dynamic nature of the SFCs, are 
still poorly understood. We show here that endogenous PSKH1, a previously 
cloned kinase, is located in SFCs. Migration of 
PSKH1-FLAG into SFCs is enhanced during co-expression of 
T7-tagged ASF/SF2 as well as other members of the SR protein family, but 
not by two other non-SR nuclear proteins serving as controls. Similar to 
the SR protein kinase family, overexpression of PSKH1 led to 
reorganization of co-expressed T7-SC35 and T7-ASF/SF2 into a 
more diffuse nuclear pattern. This redistribution was not dependent on 
PSKH1 kinase activity. Different from the SR protein 
kinases, the SFC-associating features of PSKH1 were located within 
its catalytic kinase domain and within its C-terminus . Although 
no direct interaction was observed between PSKH1 and any of the SR 
proteins tested in pull -down or yeast two-hybrid assays, forced 
expression of PSKH1-FLAG was shown to stimulate distal splicing of 
an E1A minigene in HeLa cells. Moreover, a GST-ASF/SF2 fusion was not 
phosphorylated by PSKH1, suggesting an indirect mechanism of action on SR 
proteins. Our data suggest a mutual relationship between PSKH1 and SR 
proteins, as they are able to target PSKH1 into SFCs, while forced PSKH1 
expression modulates nuclear dynamics and the function of co- 
expressed splicing factors. 
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AB The therapeutic potential of cisplatin, one of the most active and widely- 
used anticancer drugs, is severely limited by the occurrence of cellular 
resistance. In this study, using budding yeast Saccharomyces cerevisiae 
as a model organism to identify novel drug resistance genes, we found that 
disruption of the yeast gene SKY1 (serine/arginine- 
rich protein-specific kinase from budding yeast) by 
either transposon insertion or one-step gene replacement conferred 
cellular resistance to cisplatin. Heterologous expression of 
the human SKY1 homologue SRPK1 (serine/ 
arginine-rich protein-specific kinase) in SKY1 

deletion mutant yeast cells restored cisplatin sensitivity, suggesting 
that SRPK1 is a cisplatin sensitivity gene, the inactivation of which 
could lead to cisplatin resistance. Subsequently, we investigated the 
role of SRPK1 in cisplatin sensitivity and resistance in human 
ovarian carcinoma A2780 cells using antisense oligodeoxynucleotides . 
Treatment of A2780 cells with antisense oligodeoxynucleotides directed 
against the translation initiation site of SRPK1 led to down-regulation of 
SRPK1 protein and conferred a 4-fold resistance to cisplatin. The 
human SRPK1 gene has not been associated with drug resistance 
before. Our new findings strongly suggest that SRPK1 is involved in 
cisplatin-induced cell kill and indicate that SRPK1 might potentially be 
of importance for studying clinical drug resistance. 
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AB Prp4 is a protein kinase of Schizosaccharomyces pombe identified 

through its role in pre-mRNA splicing, and belongs to a kinase 

family including mammalian serine/arginine- 

rich protein-specific kinases and Clks, whose substrates 

are serine/arginine-rich proteins . We 

cloned human PRP4 (hPRP4) full-length cDNA and the 

antiserum raised against a partial peptide of hPRP4 recognized 170-kDa 
polypeptide in HeLa S3 cell extracts. Northern blot analysis revealed 
that hPRP4 mRNA was ubiquitously expressed in multiple tissues. 
The extended NH2 -terminal region of hPRP4 contains an arginine/serine-rich 
domain and putative nuclear localization signals. hPRP4 phosphorylated and 



interacted with SF2/ASF, one of the essential splicing factors. Indirect 
immunofluorescence analysis revealed that endogenous hPRP4 was distributed 
in a nuclear speckled pattern and colocalized with SF2/ASF in HeLa S3 
cells. Furthermore, hPRP4 interacted directly with Clkl on its COOH 
terminus, and the arginine/serine-rich domain of hPRP4 was phosphorylated 
by Clkl in vitro. Overexpression of Clkl caused redistribution of hPRP4 , 
from the speckled to the diffuse pattern in nucleoplasm, whereas inactive 
mutant of Clkl caused no change of hPRP4 localization. These findings 
suggest that the NH2 -terminal region of hPRP4 may play regulatory roles 
under an unidentified signal transduction pathway through Clkl. 
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AB Serine/arginine-rich (SR) proteins play an 

important role in constitutive and alternative pre-mRNA splicing. The 
C-terminal arginine- serine domain of these proteins, such as SF2/ASF, 
mediates protein-protein interactions and is phosphorylated in vivo. 
Using glutathione S-transf erase (GST) -SF2/ASF-af f inity chromatography, the 
SF2/ASF kinase activity was co-purified from HeLa cells witha 
95-kDa protein, which was recognized by an anti-SR protein kinase 
(SRPK) 1 monoclonal antibody. Recombinant SRPK1 and SRPK2 bound 
to and phosphorylated GST-SF2/ASF in vitro. Phosphopeptide mapping showed 
that identical sites were phosphorylated in the pull -down kinase 
reaction with HeLa extracts and by recombinant SRPKs. 
Epitope -tagged SF2/ASF transiently expressed in COS7 cells 
co-immunoprecipitated with SRPKs. Deletion analysis mapped 
thephosphorylation sites to a region containing an (Arg-Ser) 8 repeat 
beginning at residue 204, and far-Western analysis showed that the region 
is required for binding of SRPKs to SF2 /ASF . Further binding studies showed 
that SRPKs bound unphosphorylatedSF2/ASF but did not bind phosphorylated 
SF2/ASF. Expression of an SRPK2 kinase- inactive 

mutant caused accumulation of SF2/ASF in the cytoplasm. These results 
suggest that the formation of complexes between SF2/ASF and SRPKs, which 
is influenced by the phosphorylation state of SF2/ASF, may have regulatory- 
roles in the assembly and localization of this splicing factor. 
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AB Controlled expression of cellular and viral genes through 

alternative precursor messenger RNA (pre-mRNA) splicing requires 

serine/arginine-rich (SR) proteins. The Clkl 

kinase, which phosphorylates SR proteins, is regulated through 
alternative splicing of the Clkl pre-mRNA, yielding mRNAs encoding 
catalytically active and truncated inactive polypeptides (Clkl and Clkl-T, 
respectively) . We present evidence that Clkl and Clkl-T proteins regulate 
the splicing of Clkl and adenovirus pre-mRNAs in vivo. The peptide domain 
encoded by the alternatively spliced exon of Clkl is essential for the 
regulatory activity of the Clkl kinase. This is the first 
direct demonstration of an in vivo link between alternative splicing and 
protein kinase activity. 
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AB We show that the higher plant Arabidopsis thaliana has a serine - 
arginine-rich (SR) protein family whose members contain 

a phosphoepitope shared by the animal SR family of splicing factors. In 
addition, we report the cloning and characterization of a cDNA 
encoding a higher-plant SR protein from Arabidopsis, SRI, which has 
striking sequence and structural homology to the human splicing 
factor SF2/ASF. Similar to SF2/ASF, the plant SRI protein promotes splice 
site switching in mammalian nuclear extracts. A novel feature of the 
Arabidopsis SR protein is a C-terminal domain containing a high 
concentration of proline, serine, and lysine residues (PSK domain), a 
composition reminiscent of histones. This domain includes a putative 
phosphorylation site for the mitotic kinase cyclin/p34 -cdc2 . 
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Small nuclear ribonucleoprotein particles (snRNPs) and non-snRNP splicing 
factors containing a serine/arginine-rich 

domain (SR proteins) concentrate in "speckles 1 in the nucleus of 

interphase cells. It is believed that nuclear speckles act as storage 

sites for splicing factors while splicing occurs on nascent transcripts. 

Splicing factors redistribute in response to transcription inhibition or 

viral infection, and nuclear speckles break down and reform as cells 

progress through mitosis. We have now identified and cloned a 

kinase, SRPK1, which is regulated by the cell cycle and is 

specific for SR proteins; this kinase is related to a 

Caenorhahditis elegans kinase and to the fission yeast 

kinase Dskl (reference 7) . SRPK1 specifically induces the disassembly 

of nuclear speckles, and a high level of SRPK1 inhibits splicing in vitro. 

Our results indicate that SRPK1 may have a central role in the regulatory 

network for splicing, controlling the intranuclear distribution of 

splicing factors in interphase cells, and the reorganization of nuclear 

speckles during mitosis. 
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* ABSTRACT IS AVAILABLE IN THE ALL AND I ALL FORMATS* 
The regulation of splice site usage provides a versatile mechanism for 
controlling gene expression and for the generation of proteome 
diversity, playing an essential role in many biological processes. The 
importance of alternative splicing is further illustrated by the 
increasing number of human diseases that have been attributed to 
mis-splicing events. Appropriate spatial and temporal generation of 
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splicing variants demands that alternative splicing be subjected to 
extensive regulation, similar to transcriptional control. The Clk 
(Cdc2-like kinase) family has been implicated in splicing 

control and consists of at least four members. Through extensive screening 

of a chemical library, we found that a benzothiazole compound, TG003, had 

a potent inhibitory effect on the activity of Clkl/Sty. TG003 inhibited 

SF2/ASF-dependent splicing of beta-globin pre-mRNA in vitro by suppression 

of Clk-mediated phosphorylation. This drug also suppressed serine 

/arginine-rich protein phosphorylation, dissociation 

of nuclear speckles, and Clkl/Sty-dependent alternative splicing in 

mammalian cells. Consistently, administration of TG003 rescued the 

embryonic defects induced by excessive Clk activity in Xenopus . Thus, 

TG003, a novel inhibitor of Clk family will be a valuable tool to dissect 

the regulatory mechanisms involving serine/arginine- 

rich protein phosphorylation signaling pathways in vivo, and may 

be applicable for the therapeutic manipulation of abnormal splicing. 
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* ABSTRACT IS AVAILABLE IN THE ALL AND I ALL FORMATS* 
AB A novel serine-arginine-rich protein 

designated TcSR was identified in Trypanosoma cruzi. The deduced amino 
acid sequence reveals that TcSR is a member of the SR protein family of 
splicing factors that contains two RNA-binding domains at the N- terminal 
side and several serine-arginine repeats at the 
COOH-terminus . Over expression of either TcSR or the 
human SR-protein associated splicing factor/splicing factor 2 
(ASF/SF2) in wild- type Schizosaccharomyces pombe, provoked an elongated 
phenotype similar to that of fission yeast over expressing the 
SR-containing splicing factor Prp2, a U2AF(65) orthologue. When a double 
mutant strain lacking two SR protein-specific protein kinases 
was used, expression of TcSR or human SR ASF/SF2 

splicing factor reverted the mutant to a wild-type phenotype. Transient 

expression of TcSR in HeLa cells stimulated the inclusion of the 

EDI exon of human fibronectin in an in vivo functional 

alternative cis-splicing assay. Inclusion was dependent on a splicing 

enhancer- sequence present in the EDI exon. In addition, TcSR and peptides 

carrying TcSR-RS domain sequences were phosphorylated by a human 

SR protein kinase. These results indicate that TcSR is a member 



of the SR splicing network and that some components common to the trans - 
and cis-splicing machineries evolved from the early origins of the 
eukaryotic lineage. (C) 2002 Elsevier Science B.V. All rights reserved. 
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* ABSTRACT IS AVAILABLE IN THE ALL AND I ALL FORMATS* 

AB Bovine papillomavirus type 1 (BPV-1) late pre-mRNAs are spliced in 

keratinocytes in a differentiation-specific manner: the late leader 5' 
splice site alternatively splices to a proximal 3' splice site (at 
nucleotide 3225) to express L2 or to a distal 3 f splice site (at 
nucleotide 3605) to express LI. Two exonic splicing enhancers, 
each containing two ASF/SF2 (alternative splicing factor/splicing factor 
2) binding sites, are located between the two 3' splice sites and have 
been identified as regulating alternative 3' splice site usage. The 
present report demonstrates for the first time that ASF/SF2 is required 
under physiological conditions for the expression of BPV-1 late 
RNAs and for selection of the proximal 3' splice site for BPV-1 RNA 
splicing in DT40-ASF cells, a genetically engineered chicken B-cell line 
that expresses only human ASF/SF2 controlled by a 

tetracycline-repressible promoter. Depletion of ASF/SF2 from the cells by 
tetracycline greatly decreased viral RNA expression and RNA 
splicing at the proximal 3' splice site while increasing use of the distal 
3' splice site in the remaining viral RNAs. Activation of cells lacking 
ASF/SF2 through ant i- immunoglobulin M-B-cell receptor cross-linking 
rescued viral RNA expression and splicing at the proximal 3' 
splice site and enhanced Akt phosphorylation and expression of 
the phosphorylated serine/arginine-rich (SR) 

proteins SRp30s (especially SC35) and SRp40. Treatment with wortmannin, a 
specific phosphatidylinositol 3-kinase/Akt kinase 

inhibitor, completely blocked the activation- induced activities. ASF/SF2 
thus plays an important role in viral RNA expression and 

splicing at the proximal 3' splice site, but activation-rescued viral RNA 
expression and splicing in ASF/SF2 -depleted cells is mediated 
through the phosphatidylinositol 3-kinase/Akt pathway and is 
associated with the enhanced expression of other SR proteins. 
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♦ABSTRACT IS AVAILABLE IN THE ALL AND I ALL FORMATS* 
AB The therapeutic potential of cisplatin, one of the most active and 

widely used anticancer drugs, is severely limited by the occurrence of 
cellular resistance. In this study, using budding yeast Saccharomyces 
cerevisiae as a model organism to identify novel drug resistance genes, we 
found that disruption of the yeast gene SKY1 (serine/ 
arginine-rich protein-specific kinase from 

budding yeast) by either transposon insertion or one-step gene replacement 
conferred cellular resistance to cisplatin. Heterologous 
expression of the human SKY1 homologue SRPK1 ( 
serine/arginine-rich protein-specific 

kinase) in SkYl deletion mutant yeast cells restored cisplatin 
sensitivity, suggesting that SRPK1 is a cisplatin sensitivity gene, the 
inactivation of which could lead to cisplatin resistance. Subsequently, we 
investigated the rote of SRPK1 in cisplatin sensitivity and resistance in 
human ovarian carcinoma A2780 cells using antisense 
oligodeoxynucleotides . Treatment of A2780 cells with antisense 
oligodeoxynucleotides directed against the translation initiation site of 
SRPK1 led to downregulation of SRPK1 protein and conferred a 4 -fold 
resistance to cisplatin. The human SRPK1 gene has not been 
associated with drug resistance before. Our new findings strongly suggest 
that SRPK1 is involved in cisplatin-induced cell kill and indicate that 
SRPK1 might potentially be of importance for studying clinical drug 
resistance. 
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♦ABSTRACT IS AVAILABLE IN THE ALL AND I ALL FORMATS* 
AB Prp4 is a protein kinase of Schizosaccharomyces pombe 

identified through its role in pre-mRNA splicing, and belongs to a 
kinase family including mammalian serine/ 
arginine-rich protein- specific kinases and 
Clks, whose substrates are serine/arginine- 
rich proteins. We cloned human PRP4 (hPRP4) 

full-length cDNA and the antiserum raised against a partial peptide of 
hPRP4 recognized 170-kDa polypeptide in HeLa S3 cell extracts. Northern 
blot analysis revealed that hPRP4 mRNA was ubiquitously expressed 
in multiple tissues. The extended NH2 -terminal region of hPRP4 contains an 
arginine/serine-rich domain and putative nuclear localization signals. 
hPRP4 phosphorylated and interacted with SF2/ASF, one of the essential 
splicing factors. Indirect immunofluorescence analysis revealed that 
endogenous hPRP4 was distributed in a nuclear speckled pattern and 
colocalized with SF2/ASF in HeLa S3 cells. Furthermore, hPRP4 interacted 
directly with Clkl on its COOH terminus, and the arginine/serine-rich 
domain of hPRP4 was phosphorylated by Clkl in vitro. Overexpression of 
Clkl caused redistribution of hPRP4, from the speckled to the diffuse 
pattern in nucleoplasm, whereas inactive mutant of Clkl caused no change 
of hPRP4 localization. These findings suggest that the NH2-terminal region 
of hPRP4 may play regulatory roles under an unidentified signal 
transduction pathway through Clkl. 
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* ABSTRACT IS AVAILABLE IN THE ALL AND I ALL FORMATS* 
AB Serine/arginine-rich proteins (SR 

proteins) are mainly involved in the splicing of precursor mRNA. RS 

domains are also found in proteins that have influence on other aspects of 

gene expression. Proteins that contain an RS domain are often 

located in the speckled domains of the nucleus. Here we show that the RS 

domain derived from a human papillomavirus E2 transcriptional 

activator can target a heterologous protein to the nucleus, as it does in 

many other SR proteins, hut insufficient for localization in speckles. By 

using E2 as a bait in a yeast two-hybrid screen, we identified a 



human import in -beta family protein that is homologous to yeast 
MtrlOp and almost identical to human transport in-SR. This 
transportin-SR2 (TRN-SR2) protein can interact with several cellular SR 
proteins. More importantly, we demonstrated that TRN-SR2 can directly 
interact with phosphorylated, but not unphosphorylated, RS domains. 
Finally, an indirect immunof luoresence study revealed that a transiently 
expressed TRN-SR2 mutant lacking the N-terminal region becomes 
localized to the nucleus in a speckled pattern that coincides with the 
distribution of the SR protein SC35, Thus, our results likely reflect a 
role of TRN-SR2 in the cellular trafficking of phosphorylated SR proteins. 
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♦ABSTRACT IS AVAILABLE IN THE ALL AND I ALL FORMATS* 
We show that the higher plant Arabidopsis thaliana has a serine 
-arginine-rich (SR) protein family whose members 

contain a phosphoepitope shared by the animal SR family of splicing 
factors, In addition, we report the cloning and characterization 
of a cDNA encoding a higher-plant SR protein from Arabidopsis, SRI, which 
has striking sequence and structural homology to the human 
splicing factor SF2/ASF, Similar to SF2/ASF, the plant SRI protein 
promotes splice site switching in mammalian nuclear extracts, A novel 
feature of the Arabidopsis SR protein is a C-terminal domain containing a 
high concentration of proline, serine, and lysine residues (PSK domain) , a 
composition reminiscent of histones, This domain includes a putative 
phosphorylation site for the mitotic kinase cyclin/p34 (cdc2 ) . 
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AB The present invention is directed to detection and measurement of gene 

transcripts and their equivalent nucleic acid products in blood. 
Specifically 

provided is anal, performed on a drop of blood for detecting, diagnosing 
and monitoring diseases using gene-specific and/or tissue-specific 
primers. The present invention also describes methods by which 
delineation of the sequence and/or quantitation of the expression 
levels of disease-specific genes allows for an immediate and accurate 
diagnostic/prognostic test for disease or to assess the effect of a 
particular treatment regimen. [This abstract record is one of 3 records for 
this document necessitated by the large number of index entries required to 
fully index the document and publication system constraints.] . 
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AB The present invention is directed to detection and measurement of gene 

transcripts and their equivalent nucleic acid products in blood. 
Specifically 

provided is anal, performed on a drop of blood for detecting, diagnosing 
and monitoring diseases using gene-specific and/or tissue-specific 
primers. The present invention also describes methods by which 
delineation of the sequence and/or quantitation of the expression 
levels of disease-specific genes allows for an immediate and accurate 
diagnostic/prognostic test for disease or to assess the effect of a 
particular treatment regimen. [This abstract record is one of 3 records for 
this document necessitated by the large number of index entries required to 
fully index the document and publication system constraints.]. 



L8 ANSWER 51 OF 78 HCAPLUS COPYRIGHT 2005 ACS on STN 



ACCESSION NUMBER: 
DOCUMENT NUMBER: 
TITLE: 



INVENTOR (S) : 
PATENT ASSIGNEE (S) 
SOURCE : 



DOCUMENT TYPE: 
LANGUAGE : 

FAMILY ACC. NUM. COUNT: 
PATENT INFORMATION: 



2005:112850 HCAPLUS 
142:153469 

Gene expression profiles and biomarkers for 
the detection of lung disease-related and other 
disease-related gene transcripts in blood 
Liew, Choong-chin 
Chondrogene Limited, Can. 

U.S. Pat. Appl. Publ., 155 pp., Cont . -in-part of U.S. 

Ser. No. 802,875. 

CODEN: USXXCO 

Patent 

English 

41 



PATENT NO. 


KIND 


DATE 


APPLICATION NO. 


DATE 


US 


2004241728 


Al 


20041202 


us 


2004-812764 


20040330 


US 


2004014059 


Al 


20040122 


US 


2002-268730 


20021009 


us 


2004241728 


Al 


20041202 


US 


2004-812764 


20040330 


us 


2004248169 


Al 


20041209 


us 


2004-812737 


20040330 


wo 


2004112589 


A2 


20041229 


wo 


2004-US20836 


20040621 



W: AE, AG, AL, AM, AT, AU, AZ, BA, BB, BG, BR, BW, BY, BZ, CA, CH, 

CN, CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES, FI , GB, GD, 

GE, GH, GM, HR, HU, ID, IL, IN, IS, JP, KE, KG, KP, KR, KZ, LC, 

LK, LR, LS, LT, LU, LV, MA, MD, MG, MK, MN, MW, MX, MZ , NA, NI , 

NO, NZ, OM, PG, PH, PL, PT, RO, RU, SC, SD, SE, SG, SK, SL, SY, 



RW: 



TJ, 
BW, 
AZ, 
EE, 
SI, 
SN, 

PRIORITY APPLN. 



TM, 
GH, 
BY, 
ES, 
SK, 
TD, 
INFO. 



TO, 
GM, 
KG, 
FI, 
TR, 
TG 



TR, 
KE, 
KZ, 
FR, 
BF, 



TT, 
LS, 
MD, 
GB, 
BJ, 



TZ, 
MW, 
RU, 
GR, 
CF, 



UA, 
MZ, 
TJ, 
HU, 
CG, 



UG, 
NA, 
TM, 
IE, 
CI, 



US, 
SD, 
AT, 
IT, 
CM, 



UZ, 
SL, 
BE, 
LU, 
GA, 



VC, 
SZ, 
BG, 
MC, 
GN, 



VN, 
TZ, 
CH, 
NL, 
GQ, 



YU, 
UG, 
CY, 
PL, 
GW, 



ZA, 
ZM, 
CZ, 
PT, 
ML, 



ZM, 
ZW, 
DE, 
RO, 
MR, 



ZW 

AM, 

DK, 

SE, 

NE, 



US 1999-115125P 
US 2000-477148 
US 2002-268730 
US 2003-601518 
US 2004-802875 
US 2004-812764 
US 2001-271955P 
US 2001-275017P 
US 2001-305340P 
US 2002-85783 
US 2004-809675 



P 19990106 
Bl 20000104 
A2 20021009 
A2 20030620 
A2 20040312 
A 20040330 
P 20010228 
P 20010312 
P 20010713 
A2 20020228 
A 20040325 



AB 



The present invention is directed to detection and measurement of gene 
transcripts and their equivalent nucleic acid products in blood. 
Specifically 

provided is anal, performed on a drop of blood for detecting, diagnosing 
and monitoring diseases using gene-specific and/or tissue-specific 
primers. Affymetrix Human Genome U133 and ChondroChip 
microarrays were used to detect- differentially expressed gene 
transcripts in hypertension, obesity, allergy, systemic steroids, coronary 
artery disease, diabetes type 2, hyperlipidemia, lung disease, bladder 
cancer, rheumatoid arthritis, osteoarthritis, liver cancer, schizophrenia, 
Chagas disease, asthma, and manic depression syndrome. The present 
invention also describes methods by which delineation of the sequence 
and/or quantitation of the expression levels of disease-specific 
genes allows for an immediate and accurate diagnostic/prognostic test for 
disease or to assess the effect of a particular treatment regimen. [This 
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AB The present invention is directed to detection and measurement of gene 

transcripts and their equivalent nucleic acid products in blood. 
.Specifically 

provided is anal, performed on a drop of blood for detecting, diagnosing 
and monitoring diseases using gene-specific and/or tissue-specific 
primers. Affymetrix Human Genome U133 and ChondroChip 
microarrays were used to detect differentially expressed gene 
transcripts in hypertension, obesity, allergy, systemic steroids, coronary 



artery disease, diabetes type 2, hyperlipidemia, lung disease, bladder 
cancer, rheumatoid arthritis, osteoarthritis, liver cancer, schizophrenia, 
Chagas disease, asthma, and manic depression syndrome. The present 
invention also describes methods by which delineation of the sequence 
and/or quantitation of the expression levels of disease-specific 
genes allows for an immediate and accurate diagnostic/prognostic test for 
disease or to assess the effect of a particular treatment regimen. [This 
abstract record is one of 3 recordsfor this document necessitated by 
thelarge number of index entries required tofully index the document and 
publicationsystem constraints.] . 
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